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TWISTING 
 
 In a non-twisting dive, the diver must control the somersault rotation in order to enter the water at the correct 
angle. In a twisting dive both the somersault and twist must be controlled to give the correct amounts of rotation at 
entry. In addition, the angle of tilt away from the vertical somersault plane should be zero at entry into the water. As a 
consequence, the diver has a much more complex control task during the aerial phase of a somersaulting movement 
when twist is present. This chapter describes the ways in which twist can be initiated, controlled and stopped. 
 
KEY CONCEPTS 
 
1. Twist may be initiated during takeoff (contact) or during the flight (aerial) phase.  
 
2. Divers may employ both contact and aerial twist techniques during a dive. 
 
3. Aerial twist is the result of tilting the body out of the vertical somersault plane. 
 
4. Tilt is produced during flight by movements that are left-right asymmetrical. 
 
5. The twist will be fast when the tilt is large and the body is straight and tight. 
 
6. An aerial twist may be stopped by removing the tilt. 
 
7. The effects of contact twist cannot be entirely removed and may be evident on entry.  
 
 
 
BUILDING BLOCKS 
 
Angles of rotation 
 Rotation is described by angles of somersault, tilt and twist (Fig. 11.1). 
 
Somersault rotation takes place around a horizontal axis a1 through the CG.  This axis is parallel to a fixed 
direction in space (e.g. the front edge of the diving board). 
 
Twist rotation is around the longitudinal axis a3 of the body.  This axis moves with the body.  
 
Tilt is the angle between the twist axis of the body and the vertical somersault plane. Whenever there is a 
sustained twist in a somersault, there will always be tilt.   
 
Once a diver has started to somersault in a particular direction relative to the fixed axis in space, the 
somersault continues in the same direction. 
 
In a twisting somersault the twist is primarily in one direction – to the left or to the right.  
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Fig. 11.1 Angles of somersault, tilt and twist. The somersault axis a1 is parallel to a fixed direction in space.  Twist is 
around the longitudinal axis a3 which is fixed in the body. Tilt is the angle between the longitudinal axis and the 
vertical somersault plane 
 
Twisting modes 
 To understand  the mechanics of a diver performing twisting somersaults it is helpful to consider the rotational 
motions of a freely falling rigid body. There are just two general modes of motion that a rigid body can exhibit. The first of 
these is the wobbling somersault in which the body somersaults about a horizontal axis but also has an oscillating motion 
in which it twists one way and then the other (Fig. 11.2). During  this motion the body also tilts first one way and then the 
other so that the head is to one side of the feet and then later to the other side (see the first and last images in Fig. 11.2).  
 
  
 
Fig. 11.2  The wobbling mode of rotation for a rigid body.  During the two somersaults the body twists and tilts one 
way and then the other.  
 
The second mode of motion is the twisting somersault in which the twist is always in the same direction (Fig. 
11.3). During this motion the body is always tilted in the same direction away from the somersault plane. In somersaults 
with more twist the tilt angle will be greater. The tilt angle increases to a maximum as the twist increases to a quarter twist. 
This variation in the tilt angle is called nutation and is important for the understanding of how aerial twist is produced. 
Nutation arises because the moment of inertia of the body is greater about the frontal axis than about the lateral axis. There 
is more nutation when the arms are abducted away from the body since the difference in the two moments of inertia is 
greater. 
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Fig. 11.3 The twisting mode of rotation of a rigid body.  The twist is to the left throughout the movement. 
 
Twist initiation and control  
 The twist may be started either while the diver is still in contact with the diving board or once the diver is in the 
aerial phase of the dive. This gives rise to the terms contact twist and aerial twist. The rules of diving imply that contact 
twist must not be overused. Research into elite performances of competitive twisting dives indicates that aerial techniques 
are more predominant than contact techniques even in dives where it is clear that the twist has started during takeoff. 
Besides initiating the twist the diver must also control the twist rate and stop the twist at the right time before preparing for 
entry. The techniques for producing and controlling twist will be described next.  
 
Contact twist  
Contact twist is initiated while the feet (or hands in an armstand dive) are in contact with the diving board or 
platform. During this contact phase, body segments are set in motion so that, by the instant of last contact in the 
takeoff, there is angular momentum about the longitudinal axis of the body. Subsequently, the relative segmental 
motions cease and the whole body assumes an angular velocity that is determined by the conservation of angular 
momentum. This process is known as transfer of momentum since initially only certain segments possess angular 
momentum whereas once the relative segmental motions cease, the total body possesses angular momentum. Twist 
may be started prior to the flight by turning the arms, chest or whole body in the direction of the twist. 
 
When contact twist is used, the tilt away from the vertical somersault plane will appear to be large after half a 
somersault and small after one somersault (Fig. 11.4). 
 
Fig. 11.4 When contact twist is used the tilt is large after half a somersault but disappears of its own accord after one 
somersault. 
 
Once the twist has been initiated with wide arms and the body is airborne, it would seem to be logical to 
adduct the arms as quickly as possible so as to take advantage of the higher twist rate for as long as possible. 
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However, during the first quarter twist, the angle of tilt will increase since the body is in the twisting mode of rigid 
body motion and nutation takes place. Thus, by adducting the arms around the quarter twist position, the tilt angle is 
increased and this produces a correspondingly greater twist rate (Fig. 11.5). It is the timing of the arm adduction that 
is of prime importance rather than the speed of the arm movement. 
 
When contact twist is used the somersault axis is not horizontal and there will be a large angle of tilt away 
from the vertical after an odd number of half somersaults as long as motion remains in the twisting mode. This 
presents particular problems for dives such as the backward 1½ with 1½ twists since a large tilt angle at entry is 
undesirable. However, if the motion is transformed from the twisting mode into the wobbling mode by piking, the tilt 
angle will oscillate. This effect can be used to obtain a vertical entry after 1½ somersaults by extending after a half 
oscillation of the tilt angle as shown in the computer simulation of Fig. 11.5. It should be noted that the action of 
piking does not merely slow the twist but effectively stops it since the twist angle oscillates about the 1 ½ twist 
position when the motion is in the wobbling mode. Since the tilt has become changed while in the wobbling mode 
there will be a tendency to twist in the other direction once the body extends. In the simulation shown in Fig. 11.5 this 
problem has been countered by not extending fully for entry.  
 
It is possible to arrange for the final twist rate to be zero by extending from the pike earlier so that only a 
quarter oscillation occurs in the wobbling mode rather than a half oscillation. However, this will result in a tilted 
entry. Thus, there is no ideal solution for 1½ somersault dives with contact twist. A compromise has to be made 
between a vertical entry and a final twist rate of zero. For armstand somersaults with twist the use of contact twist will 
also pose a problem for entry but in this case if there is no tilt at entry the body will tend to keep twisting in the same 
direction rather than the opposite direction. 
 
 
Fig. 11.5 Computer simulation of a backward 1 ½ with 1 ½ twists using the action of piking to change from the 
twisting mode to the wobbling mode in order to obtain a vertical entry.  
 
Aerial twist 
 Under conditions of zero angular momentum, such as in a plain jump, it is theoretically possible to produce 
twist by counter-rotating the arms, chest or hips. Simulations of arm and chest rotations show that one cycle of 
counter-rotation produces less than a quarter twist. One cycle of a hula movement of the hips made during a jump 
typically produces a half twist. Because of the limited time the diver has in the air, reliance on counter-rotation 
techniques is not practical for multiple twists.  
 
 When somersault is present there is another way of producing an aerial twist.  Fig. 11.6 shows a plain forward 
somersault (on the left) in which there is no twist. When viewed from above there is no tilt and the head moves 
forward in the same line as the feet move backward. From above the rotation is neither clockwise nor counter-
clockwise since there is no angular momentum in this direction. Since the angular momentum does not change during 
the aerial phase it will remain zero when viewed from above throughout the movement. Suppose that subsequently 
some tilt is produced during the aerial phase using counter movement of body segments. This situation is shown on 
the right in Fig. 11.6.  When viewed from above the head moves forward along a different line than the feet move 
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backward.  As a consequence there is some clockwise angular momentum when viewed from above resulting from the 
combination of somersault and tilt.  In order that the total angular momentum from above still remains zero there must 
be twisting to the left to compensate.  
 
Fig. 11.6 When there is only somersault (as shown on the left) there is no tilt. If subsequently the body becomes tilted 
the combination of somersault and tilt gives rise to clockwise angular momentum when viewed from above. In order 
that the angular momentum does not change there must also be twisting to the left. 
  
Production of tilt 
 In order to produce an aerial twist from the somersault momentum the body must be tilted away from the 
vertical somersault plane. Any change in body segment positions in which symmetry about the sagittal plane is not 
maintained will produce tilt.  
 
Arms. If the arms move asymmetrically in the frontal plane, the body will rotate in the opposite direction so that the 
total angular momentum is zero about the anterior- posterior axis. In Fig. 11.7 the upper sequence shows that when 
the total angular momentum is zero the resultant motion is a tilting of the longitudinal axis.  In the lower sequence 
there is somersault momentum present and the arm movement produces tilt that also leads to twist.  
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Fig. 11.7 Production of tilt using asymmetrical arm movement when there is no somersault (upper sequence) and  
when there is somersault (lower sequence). 
 
Hips. Tilt may also be produced by asymmetrical movement at the hips. If extension from a piked position is made 
asymmetrically by passing through a side arch position, this partial hula movement will produce a small counter-
rotation twist as shown in the upper sequence of Fig. 11.8. In addition, the body will move through a small tilt angle.  
 
? If the body is somersaulting forward, this tilt angle will build up during the extension and will result in twist 
as shown in the lower sequence of Fig. 11.8.  
 
? If the arms are held wide during the asymmetrical hip movement the tilt angle will be greater and ultimately 
the twist will be faster. 
 
 
Fig 11.8 Production of tilt using asymmetrical hip movement when there is no somersault (upper sequence) and when 
the body is somersaulting forward (lower sequence). 
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Removal of tilt 
 Tilt may be removed by asymmetrical arm movements (Fig. 11.9) that reverse the arm movement shown in 
Fig. 11.7. When there is an even number of half twists in a dive, the original arm movement that produced the tilt 
should be reversed in order to remove the tilt. When there is an odd number of half twists in the dive (1 ½, 2 ½, 3 ½), 
the arm movement needed to remove the tilt is in the same direction as that used to produce the tilt. 
 
 
 
 
 
Fig. 11.9 Removal of tilt using asymmetrical arm movement. To remove the tilt and stop the twist in a forward 
somersault with twist to the left, the left arm should be lowered laterally and the right arm raised. 
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PRACTICAL APPLICATIONS 
 
Forward (and inward) twisting dives 
In the majority of elite performances of forward (or inward) 1½ and forward 2½ somersaults with twist, the 
twist is initiated using asymmetrical movements of the arms or hips in the aerial phase.  In the progressions that 
follow these aerial techniques are introduced for the production and removal of twist in a structured way. 
 
Progressions for teaching forward twisters  
 
Progression 1: asymmetrical arms 
Have the diver perform a forward somersault from the 1-m board in an open pike position. The hip angle 
should be not be less than 120o. The arms should be abducted at shoulder level until just before entry. 
 
Next, have the diver adduct both arms down to the sides as the body is extended on a call from the coach. 
This practice permits the coach to see how quickly the diver reacts. It also gives the diver some familiarity in a new 
situation without pressure. The coach can check that the initial pike is sufficiently open and that the arms move 
correctly. 
 
On the next call, have the diver lower the right arm to the side and raise the left arm laterally over the head as 
extension is made from the pike. The arms should remain straight throughout the movement at this stage. This should 
produce a full twist to the left. If there is insufficient twist, carefully observe the arm movement and make corrections. 
 
Once there is sufficient twist, the square-out using the arms should be taught. It is important that the arms are 
straight and move laterally. By viewing from behind the diving board, the coach can see whether the diver is still 
tilted on entry. The initial lateral movement of the arms produces the tilt that results in twist. The reversal of this arm 
movement removes the tilt and stops the twist (Fig. 11.10).  
 
Fig. 11.10. A forward somersault with one twist using asymmetrical arm movement. 
 
When the full twisting somersault with square out can be performed consistently well the repike may be 
introduced to produce a full twisting 1 ½ (Fig. 11.11). 
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Fig. 11.11 Computer simulation showing the use of asymmetrical arms in a forward full twisting 1½  (5132D). 
 
Progression 2: more asymmetrical arms 
To obtain more twist, the arms should move through a greater angle. This may be accomplished by first 
lowering the left arm in the sagittal plane. Each arm may then move through 180o as shown in Fig. 11.12. This results 
in a larger tilt angle and permits two or three twists to occur. In the initial lowering of the left arm, it is important that 
the left arm moves close to the center line of the body. Figure11.12 shows a hypothetical computer simulation of a 
triple twister using this method. The square-out as the body is piking is capable of removing the tilt prior to entry. The 
coach should ensure that the right arm moves laterally in the square-out as there is a tendency for divers to rush into 
the entry position. 
 
This method should be introduced in stages. The initial lowering of the left arm should be practised in a open 
piked forward somersault and should not produce any twist. Next, the double arm movement is introduced until two 
twists are produced. The straight arm square-out can then be introduced. There will still be some tilt remaining after 
the square-out since the arms move twice the angle in producing the tilt. Once the repike is used for a headfirst entry, 
more tilt can be removed. 
 
 This technique is capable of producing three twists as shown in the simulation in Fig. 11.12. 
 
Figure 11.12 Computer simulation of a triple twister (5136D) using asymmetrical arm movement. Initially the left arm 
is lowered in the sagittal plane so that each arm can move through 180o to produce a large angle of tilt. Tilt is removed 
by repiking and squaring out with the arms. 
 
Progression 3: asymmetrical hips 
This method makes use of asymmetrical hip movement to produce tilt. An open pike forward somersault 
should be done from a 1-m board. For a twist to the left, the body moves from a forward pike into a lateral arch to the 
right. As the quarter twist position is reached and the tilt angle reaches its maximum due to the nutation effect, the 
arms are brought in and the body is extended. By using wide arms, the tilt angle produced is larger since there is more 
nutation. 
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In the initial stages the aim should be to make the correct hip movement from a wide arm start in an open 
piked position. When this is done correctly two twists should be produced in a forward somersault (Fig. 11.13). 
Subsequently the square out with the arms and repike may be introduced successively. 
 
Fig. 11.13 Forward somersault with two twists using asymmetrical hip movement to produce the tilt. 
 
This technique may be used to produce two twists in the second part of a forward twisting 2 ½ as shown in 
Fig. 11.14. In the learning stages a full twisting double somersault may be performed from the 1-m board followed by 
a full twisting 2 ½ from 3-m. In the double twisting 2 ½ shown in Fig. 11.14 the tilt is removed by first abducting the 
left arm and then the right while repiking just prior to the completion of two twists. If the diver has experience of 
using asymmetrical arms it is likely that asymmetrical arm movement will be used as well as the asymmetrical hip 
movement. This is only to be expected and so long as it occurs after the hip movement has been mastered it is likely 
to enhance the twisting technique. 
 
Fig. 11.14 Simulation of a double twisting forward 2½ (5154D) . 
 
In performances of forward twisters it is common to see evidence of both asymmetrical arms and 
asymmetrical hips.  Fig. 11.15 shows a video sequence of a full twisting 1 ½ from the 3-m board.  No twist is taken 
from the board although the right arm is higher than the left arm at takeoff. This increases the range of motion of the 
asymmetrical arm movement which is evident in frames 6-8 soon after takeoff. Asymmetrical hip movement can be 
seen in frame 8 which shows the side flexion over the right hip. Once the quarter twist position is reached (frames 8-
9) the body is extended at the hips and remains straight during the twist (frames 9-12). The hips are then flexed while 
the left arm is lowered and the right arm is raised in the frontal plane to remove the tilt and stop the twist.  
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Fig. 11.15 Full twisting forward 1 ½ (5132D) by Justin Dumais at the US National Championships. The asymmetrical 
arm and hip movement is evident in frame 8. 
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Backward and reverse twisting dives 
Often some twist is taken from the board in backward and reverse twisters. In elite performances, however, 
even when it can be seen that the diver has taken some twist from the board, the major contribution to the twist comes 
in the aerial phase as a result of tilting the body further from the plane of the original somersault.  
 
Progressions for teaching backward and reverse twisters  
 
To produce a twist to the left using asymmetrical arm movement in a backward or reverse somersault, the left 
arm should be lowered laterally and the right arm should be raised after takeoff. This will result in a tilting of the body 
that will cause an aerial twist to the left. Since an odd number of half twists are used in backward and reverse twisters, 
the arm movement necessary for removing the tilt will be in the same direction as that used to produce the tilt. As a 
consequence, the arm positions must be reversed during the dive so that the left arm is overhead ready for squaring 
out.  
 
Progression 1: asymmetrical arms 
 
This is similar to Progression 1 for forward twisters but with some differences in arm movement. For a twist 
to the left, the left arm should be lowered laterally and the right arm should be raised laterally. No square-out should 
be attempted since the wrong arm is above the head (fig. 11.16). If a square-out is attempted after the 1½ twists, using 
lateral arm movement, the tilt angle will increase rather than decrease and this will tend to increase the speed of the  
twist. 
 
Figure 11.16 A backward somersault with two twists using asymmetrical arm movement. 
 
Progression 2: more asymmetrical arms 
As soon as Progression 1 produces one complete twist, the remainder of the arm movement should be taught. 
After the initial arm movement, the left arm is by the side and the right arm is above the head. This is exactly the 
position after the first phase in Progression 2 for forward twisters. Both arms now move laterally through 180o at 
around the half twist position to produce a large tilt angle (Fig.11.17). This secondary arm movement should start 
around the quarter twist position and end around the three-quarter twist position. In practice, the arms may not remain 
straight or a complete arm movement may not be used since it may take too much time. For a large tilt angle and a fast 
twist the arms should be straight and should move through a large angle. This double arm movement produces a larger 
tilt angle and places the correct arm overhead ready for squaring out.  
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Figure 11.17 A backward somersault with 3 ½ twists using arm reversal around the half twist position. 
 
Progression 3: Asymmetrical hips 
 
 This technique is identical in principle to Progression 3 for forward twisters. The difference is that the diver 
moves from a back arch position through a side arch to the left (Fig. 11.18). The arched positions should not be 
excessive as this spoils the look of the dive. The technique is used by elite divers and makes a useful contribution to 
the tilt produced. The arms should remain symmetrical throughout the learning phase. The learning phase may be 
considered complete when 1½ twists can be produced with ease. The asymmetrical arm movement should then be 
introduced followed by the square-out and then the head first entry. 
 
Fig. 11.18 A backward somersault with 1 ½ twists using asymmetrical hip movement. 
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Fig.11.19  A backward 1½ with 3½ twists (5237D) by Dmitry Sautin.  The asymmetrical arm and hip movement is 
evident in the third image after takeoff. 
 
In backward and reverse twisters, it is common for some twist to be taken from the board. This has the 
advantage that the twist starts earlier so that the diver can view the water at a half twist and can start the second phase 
of the arm movement earlier. The disadvantage is that starting the twist during the contact phase makes the square-out 
more difficult. The coach should be aware of this and reduce the twist from the board when it appears to be excessive 
or when the diver has difficulty in removing the tilt. Fig. 11.19 shows a 3 ½ twister which uses a small amount of 
twist from the board in addition to the asymmetrical arm and hip movements. In frame 7 the quarter twist position has 
been reached and the asymmetrical arm and hip movements can be seen clearly. At this point the arm reversal starts 
and is complete by frame 10 at the three-quarter twist position.  
 
? The progressions described for learning twisters may be used when first introducing twists or when trying to 
improve established performances. By experiencing different methods in isolation, elite divers will often modify 
their established techniques and quickly produce an improved performance.  
 
 
Summary 
 In elite performances, the majority of the twist is produced by asymmetrical arm and hip movements during the 
aerial phase.  
 
? To produce a twist to the left in forward rotating dives, the arm movement is “left arm up and right arm down.” The 
opposite arm movement is required in backward rotating dives.  
 
? To produce a twist to the left in forward rotating dives, the body moves from a piked position through a side arch over 
the right hip while extending. In backward rotating dives the body moves from a slight back arch through a side arch 
over the left hip while extending.  
 
? For a twist to the right interchange left and right in the above descriptions. 
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? Twist is stopped by means of asymmetrical arm movements when repiking. These asymmetrical movements remove 
the tilt so that the motion changes from a twisting somersault into a plain somersault.  
 
?  For left twisters, the arm movement needed to remove the twist is “left arm down and right arm up”.  
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ADVANCED THEORY 
 
Overview of twisting research 
 Twisting somersaults comprise the main elements of gymnastics, diving, tumbling, trampolining and acrobatic 
skiing. At the elite level, each of these sports exhibits multiple somersaults with multiple twists. While there are certain 
differences between the techniques used in the different sports the underlying mechanics of twisting is the same for all of 
the sports.  
 
 Around 1960, the Swimming Times published a series of letters and articles on twisting dives. There was a great 
controversy as to whether a sustained twist could be produced after takeoff. Barrow (1959a) described a 1½ twisting 
backward1½ somersault in which no twist was produced during flight. Orner (1959) was greatly dismayed since it 
appeared to defy the laws of mechanics. Barrow (1959b) explained that twist may be produced after takeoff by tilting the 
body out of the somersault plane. Eaves (1960) and Rackham (1960) could not accept this and believed that aerial twist 
could only be produced by using a counter-rotation technique such as hip circling. Subsequently, Rackham (1970) carried 
out experiments with Travis (1968) and became convinced that a sustained twist could be obtained by producing tilt with 
asymmetrical arm or shoulder movements.  
 
 Nowadays it is generally accepted that tilt twist plays the major role in the twisting techniques of elite divers. 
 
Cinematographic studies.  Cinematographic studies of twisting somersaults have been conducted by McCormick 
(1954), Winter (1966), Mood (1968), Bangerter and Leigh (1968), Borms et al. (1973), Van Gheluwe and Duquet 
(1977), Al-Haroun (1980) and Sanders and Wilson (1986). Such observation of a twisting somersault can establish the 
orientation of the body throughout the movement together with the relative positions of the body segments. This 
information may suggest that a particular type of twist (e.g. contact, aerial) was used. Without some way of 
quantifying the contributions of each technique in a twisting somersault, however, any conclusion reached on the 
origin of the twist is likely to reflect the investigator’s personal opinions. Thus, although a number of the 
investigations mentioned aimed to determine the twisting techniques used, none used a mechanical evaluation. 
Consequently, their results are open to other interpretations. 
 
Experimental studies. Lanoue (1936), Hay (1957) and Beauchamp (1968) showed in experiments that little aerial twist 
is possible when there is no somersault. McDonald (1961) showed that an elite diver could produce a full twist in jumps 
from a 1-m board. Bartee and Dowell (1977, 1982) studied twisting somersault dives using a swivel board to ensure that no 
twist was produced during contact with the diving platform. They concluded that it was indeed possible to produce a twist 
during the aerial phase of a plain somersault but were unable to establish the techniques responsible. Thayer (1980) 
compared two arm actions in full twisting 1½ somersaults but was unable to reach any conclusion. 
 
 An experimental study can show that a movement is possible but cannot demonstrate that a movement is 
impossible. Thus, the inability of subjects to produce aerial twist in the studies of Lanoue (1936), Hay (1957) and 
Frederick (1971) merely demonstrates that the chosen subjects were unsuccessful. The experiments of McDonald (1961) 
with an Olympic diver show that it is possible to produce more than one twist during the flight phase of a jump from a 1-m 
springboard. 
 
 In an experiment, it is necessary to have a measure of control over the performance. Such control may take the 
form of an instruction to the subject to perform the movement in a certain way or it may involve physical restraints that 
restrict the freedom of movement. It should be noted that, as the constraints on the subject increase, the performance is less 
likely to be representative of a free movement. While a number of the studies cited have shown that certain techniques are 
capable of producing twist, this tells us little about the techniques used by elite divers in their competitive dives. 
 
Theoretical studies. Simple theoretical models can often give insight into the underlying mechanics of a sports 
movement. Batterman (1974) explained that when the body is tilted out of the somersault plane there will be a component 
of angular momentum along the longitudinal axis and this will result in twist. Frolich (1979, 1980) and Eaves (1969) 
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obtained equations relating the twist rate, somersault rate and angle of tilt. Unfortunately the angular velocities used for 
twist rate and somersault rate are incorrect in the sense that they do not give the rates of change of the twist angle and 
somersault angle as explained in Kuipers (1987) and Yeadon (1993a). Earlier in this chapter tilt twist was explained in a 
simple manner without recourse to the vector representation of angular momentum. More technical explanations are given 
in Kuipers (1987) and Yeadon (1993a, c).  
 
 Kane and Scher (1970) and Kulwicki et al. (1962) used simple models to show that a limited amount of twist 
could be obtained using counter-rotation techniques. Pike (1980) used a five-segment computer simulation model to show 
that a full twist could be introduced into a plain dive by means of asymmetrical arm movements during the aerial phase. 
Some caution should be exercised when interpreting results obtained from such a model since the effects of simplifying 
assumptions are often unknown. Of the various models used in theoretical studies of twisting somersaults, only those of 
Kosa and Kamimura (1968, 1972), Van Gheluwe (1981) and Yeadon (1984) were evaluated using data from actual 
performances. Van Gheluwe was able to show that asymmetrical arm movements accounted for the twist in three 
performances of full twisting backward somersaults from a minitramp. Yeadon evaluated 10 trampoline movements and 
found that contact and aerial techniques were used, although even in those movements which clearly used contact 
techniques, the major contribution was made by aerial techniques. 
 
 Many of the theoretical insights into twisting dives have been obtained using a computer simulation model of 
aerial movement (Yeadon et al., 1990a). The advantages of such a model are that it can be used to simulate hypothetical 
movements to find out what would happen (Yeadon, 1993b, c) and to analyze actual performances to discover which 
techniques are used. Yeadon (1989, 1993e) investigated the twisting techniques of elite springboard divers using three-
dimensional computer simulation analysis of cinematographical data. The angle of tilt was used as a measure for 
determining contributions of the various twisting techniques (Yeadon and Dunn, 1987; Yeadon, 1993d). It was found 
that the majority of twist produced by elite divers resulted from asymmetrical arm and hip movements during flight. 
Research has been conducted into twisting techniques used in other sporting situations such as apparatus dismounts in 
gymnastics (Yeadon et al., 1990b; Yeadon, 1994, 1997a), tumbling (Yeadon et al., 1999), trampolining (Yeadon, 1984) 
and acrobatic skiing (Yeadon, 1989). In all cases the use of aerial tilt techniques involving asymmetrical arm and hip 
movements has predominated. It is for this reason that tilt twist has been given such prominence in the description of 
twisting techniques in this chapter.  
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